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ABSTRACT
Sensors are tiny devices, which consume low power and are inexpensive; they are 
used in many applications, such as, military surveillance, target tracking, forest-fire 
alarm. Many applications require k-coverage network to ensure the quality o f the 
monitored area, where every single point is assured to be concurrently covered by a 
minimum of k sensors. Meanwhile, the network that provides more than the required 
^-coverage degree does not enhance the performance, but just increases the number of 
working sensors, and shortens the network lifetime. Preserving the requested k- 
coverage for Wireless Sensor Networks, while prolonging the network lifetime with a 
small computation cost, is a major challenge. This research demonstrates distributed 
and energy-efficient ^-coverage scheduling algorithms that preserve the required k- 
coverage and prolong the network lifetime. An efficient ^-coverage algorithm for 
sensors with fixed sensing range (Maximum Layers Scheduling algorithm - MLS) is 
demonstrated. MLS efficiently builds maximum number of layers, where, each layer 
consists of a disjoint set of working sensor nodes that conserve 1-coverage for the 
whole monitored area, and 1-connection that guarantees each layer is connected, and 
can individually deliver the data reporting to the base station. Moreover, MLS 
competently schedules the layers to conserve the required ^-coverage degree, 
distribute the power consumption among sensors, and prolong the system lifetime. 
Experimental results show that, the MLS algorithm minimizes the average number of 
active sensors and the average coverage degree, and prolongs the network lifetime, 
compared to two popular ^-coverage algorithms. Furthermore, MLS efficiently 
reduces the computation complexity and distributes the energy expenditure among 
sensors in the network. The second algorithm demonstrated in this study is Dynamic 
^-Coverage Scheduling Algorithm (D£CS), to prolong the network lifetime and 
preserve the required ^-coverage in WSNs. The D&CS provides two types of k- 
coverage, static and dynamic. The static ^-coverage provides ^-coverage for all the 
monitored area, whereas, the Dynamic ^-coverage provides ^-coverage for intruder 
zone, while the rest of the monitored area is 1-covered. The network decides to run 
static or dynamic ^-coverage scheduling, based on the coverage status of the layer, to 
ensure preserving the required ^-coverage degree. Experimental results show that, the 
DACS algorithm profoundly reduces the average number of active sensors, power 
consumption, and efficiently prolongs the network lifetime. The third demonstrated 
algorithm is a power aware ^-coverage algorithm for WSNs with adjustable sensing 
range. The power consumption o f this kind o f sensor depends on the extent of the 
sensing radius. For this type of sensor, setting the coverage range to the minimum is 
necessary to decrease the energy consumption. Each sensor uses the least possible 
sensing range to provide coverage, without affecting the network ^-coverage; on the 
other hand, the activated sensors are able to cover the same area, if the operational 
sensors are activated with their maximum sensing range. Experimental results show 
that, the proposed algorithm minimizes the sum of sensing energy cost of all sensors 
without affecting the network coverage, and also efficiently distribute the power 
among sensors in the network and prolong the network lifetime. Finally, a Dynamic k- 
Coverage Scheduling algorithm for WSNs with Adjustable sensing range (DftCSA) is 
demonstrated, where D&CS is implemented over MLSA to provide a dynamic 
scheduling algorithm for WSNs with adjustable sensing range capability. 
Experimental results show that, the D&CSA saving the network power, and prolonging 
the network lifetime, compared to DACS.
iii
ACKNOWLEDGEMENT
All praises be to almighty Allah who has permitted, helped and enabled me to 
complete this research work; and peace and blessings of Allah be upon His final 
prophet Muhammad, his family and his companions.
I gratefully acknowledge the assistance of the Environment Protection Authority, 
Yemen, Universiti Teknologi MARA, and Ministry of Higher Education, Malaysia 
(MOHE). Without their support, this study would not be accomplished.
I would like to thank and express my gratitude to many individuals. First and 
foremost, I deeply thank my supervisor Associate Professor Dr. Mazani Bin Manaf, 
who has been my advisor and mentor during my study period. He has been a 
wonderful advisor who encouraged me and guided me with his valuable advices and 
insightful ideas. I thank him for his time, and guiding me to this vivid and demanding 
research area of Wireless Sensor Networks.
While at UiTM, I had the opportunity of connecting with excellent, dazzling, and 
proficient persons. 1 would like to thank all the members in the Department of 
Networking, Faculty of Computer and Mathematical Sciences. I would like to thank 
Assoc. Prof. Dr. Adnan, Assoc. Prof. Dr. Saadiah, Dr. Jamal, Dr. Jameel and Dr. 
Tawfeeq.
I would like to express my deepest gratitude for my wonderful family who patiently 
supported me and prayed for me all the way since I started this study. Without their 
endless prayers and encouragement, this study would not see the light. My wonderful 
father and mother are the candles who sacrificed a lot to enlighten my way and make 
my life go smoothly. Father and Mother, without you both, I would have been 
nothing, you have shaped me well enough to reach this position, whatever I would 
achieve in the near future is for you. Thank you for encouraging me in every single 
step and most significantly for having faith in me.
To my wife and children, thank you for being always there with your love and 
patience. To my lovely brothers and sisters, thanks for your support and prayers. To 
my brother Assoc. Prof Dr. Mohammed, thank you for being a model in my life and 
thank you for your persistent support and encouragement. To my brother Ali, Saif, my 
brothers-in-law Naief and Mohammed Al-Sayyad, thank you for your support.
To all my loyal friends, namely, Ali Jubran Almaweri, Mohammed Abdullah Al- 
Khawlani, Mohammed Abdulkaleq, Assoc. Prof. Dr. Maher Alsanabani, Bandar Al- 
Ahzam, Abdullah Al-Ahzam, Amar Aljobari. You are great friends. I wish you the 
best, and I hope one day I could repay you all your good deeds.
To the technicians and friends at the faculty of computer and mathematical sciences; 
Mohamad Asyraf Abdul Latiff, Mohd Ghadaffi Bin Mohd Amid, Mohamad Farees 
Bin Adam, Abd Jamal Bin Mat Nasir, Sahiful Hamri Sahdi, thank you so much for 
your truthful help, support and also patience for running the simulations that took long 
time and efforts. I will always be grateful to you.
